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“^•"The  Navni  Surface  Weapons  Center  (NSWC)  has  a continuing  task  from  the 
Department  of  Defense  Explosive  Safety  Board  (DDE3B)  to  estaollsn  metnods  for 
predicting  the  fragment  nazards  due  to  the  irtadvertant  explosion  or  ordnance 
Items.  As  part  of  this  tas«,  NSWC  has  established  a computer  model  which 
predicts  fragment  hazards.  This  computer  model  was  explained  in  the  minutes 
of  the  twenty-first  DCb  Explosives  Seminar. 

'ifhe  computer  model  calculates  Individual  trajectories  for  each  fragment 
‘recovered  in  small-scale  fragment  arena  tests..  The  following  variables  affect 
the  Individual  fragment  trajectories:  /\ 

El  - Initial  Elevation  Angle 

VI  - Initial  Velocity 

A/M  - Area  to  Mass  Ratio 

ALT  - Altitude 

RHO  - Air  Density 

MR  - Mach  limber 

HO  - Height  of  the  Origin 

SC  - Soil  Constant  (Ricochet) 

W - wind  Speed  and  Direction 
Cp  - Drag  Coefficient 

Except  for  CD,  all  of  these  variables  can  be  defined  with  a fair  degree 
of  accuracy  by  tests,  measurements,  and  calculations. 

The  drag  coefficient  for  any  fragment  is  a function  of  shaoe  only.  For 
regular  fragments,  like  spheres  or  cubes,  the  drag  coefficients  are  reasonably 
well  defined.  For  irregular  fragments,  like  those  from  bombs  or  concrete 
walls,  no  two  fragments  have  exactly  the  same  shape.  As  a result,  no  two 
Irregular  fragments  have  exactly  the  samo  drag  coefficient.  In  all  cases, 
drag  coefficient  is  a function  of  Mach  Number. 

The  drag  coefficients  for  irregular  fragments  are  not  only  uncertain  but 
have  a pronounced  effect  on  far- field  range.  Figure  1 shows  range  versus  CD 
for  a typical  fragment.  The  range  of  low  subsonic  CD  varies  from  .5  to  1.5,  a 
factor  of  three.  Associated  range  varies  by  a factor  of  more  than  2.  This 
represents  a large  range  uncertainty  in  trajectory  calculations  for 
establishing  fragment  hazards.  If  this  uncertainty  is  to  be  reduced,  some 
correlation  must  be  established  between  CD  and  the  characteristics  of  the 
Irregular  fragments. 


CD  Is  e function  of  shape  only.  Therefore  any  correlating  parameter 
should  be  dimensionless;  that  is,  geometrically  similar  fragments  which  have 
the  sane  CQ  should  have  the  same  correlating  parameter.  For  example,  we  might 
take  the  ratio  of  the  maximum  presented  area  to  the  minimum  presented  area  as 
a measure  of  shape.  For  a sphere  this  ratio  would  always  be  one  no  matter 

what  the  size  of  the  sphere.  For  a cube  this  ratio  would  always  be  1.732. 

The  Impetus  for  this  program  was  provided  b.  .1  observation  having  to  do 

with  the  data  contained  in  reference  (a).  That  report  contained  the  first 

aysteaatlc  look  at  air  drag  for  fragments.  Three  regular  fragments. were 
studied  lr,  the  report,  i.e.,  a sphere,  a cube  and  a bar.  The  bar  length, 
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width  and  thickness  were.  In  the  ratio  of  5-1-1.  Since  these  fragments  were 
regular,  exact  ratios  of  maximum  to  minimum  precented  area  could  be 
calculated.  The  results  were  as  follows: 


CD  (MN  .75) 
aMAX/aMIN 


* 1 

* 

* 

. . 

/ V 


FRAGMENT 

shape 

'&L 

SPHERE 

CUBE 

BAR  (5-1-1 ) 

.60 

.88 

1.12 

1.00 

1.73 

7.14 

v * 

Note  that  as  the  correlation  ratio  Increases  so  does  the  CD.  The  report 
also  showed  that  the  CD  for  irregular  fragments  was  greater  than  those  for  the 
sphere  or  cube.  For  Irregular  fragments  the  area  ratio  could  be  expected  to 
be  on  the  order  of  that  for  the  bar.  Everything  seemed  to  support  the  idea 
that  the  Cp  for  Irregular  fragments  could  be  correlated  with  dimensionless 
parameters. 


To  follow  up  on  this  idea,  it  was  decided  to  choose  96  fragments  with  a 
wide  variation  of  shapes  for  test  in  the  vertical  wind  tunnel  at  Ballistic 
Research  Laboratory  (BRL)  in  Aberdeen,  Maryland.  Four  different  klnd3  of 
measurement  were  made  on  each  fragment. 

1.  Linear  Maxima:  Length,  width  and  thickness 


2.  Linear  Averages:  Length,  width  and  thickness 

3.  Perimeters:  (3  planes) 

4.  Presented  Areas 

a.  Maximum 

b.  Average 

c.  Minimum 

d.  Variance  . 

e.  Standard  Deviation 

Linear  dimensions  were  measured  as  shown  in  Figure  2.  Note  that  in 
calculating  average  dimensions,  the  average  thickness  is  calculated  to  produce 
an  equivalent  weight  and  volume  rectangular  parallelepiped. 

Perimeters  were  measured  in  three  planes  as  shown  in  Figure  3.  Note  that 
the  perimeters  do  not  exactly  follow  the  contour  of  the  fragment  but  represent 
a stretched  string  around  the  high  points. 

Fragment  presented  areas  were  measured  in  two  ways.  Measurements  were 
made  using  an  Icosahedron  gage,  and  calculations  were  performed  on  the 
equivalent  weight  and  volume  rectangular  parallelepipeds.  Figures  4 and  5 
show  the  essentials  of  these  measurements  and  calculations.  The  Icosahedron 
gage  is  an  optical  device  which  throws  a shadow  of  the  fragment  onto  a sensing 
surface.  The  associated  electronics  produces  a readout  of  presented  area. 

The  optical  axis  is  positioned  at  16  approximately  equally  spaced  aspects  so 
as  to  produce  16  distinct  presented  areas  which  can  be  analysed  for  a variety 
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or  statistics.  The  Icosahedron  gage  cannot  mount  a fragment  weighing  more 
than  1500  grains.  For  larger  fragments,  presented  area  statistics  are 
calculated  using  the  rectangular  parallelepipeds  as  shown  In  Figure  5. 

All  of  the  linear,  perimeter  and  area  measurements  for  the  96  fragments 
are  contained  lr.  Tables  A-l,  A-2  and  A-3  of  Appendix  A. 


The  essential  aspects  of  the  vertical  wind  tunnel  a^e  shown  in  Figure  6. 
In  operation,  a fragment  is  placed  on  the  fragment  support  screen  In  either 
the  upper  or  lower  test  section  depending  on  the  air  velocity  necessary  to 
raise  the  fragment.  The  air  speed  Is  controlled  by  opening  the  inlet  vanes  of 
the  constant  speed  'an.  The  air  speed  Is  adjusted  until  the  fragment  rises 
from  the  screen  and  assumes  a relatively  constant  height.  At  thi3  time,  the 
air  stream  velocity  Is  read  directly  from  the  velocity  calibrated  manometer. 
Air  density  Is  calculated  from  the  ambient  pressure  and  temperature.  Ambient 
conditions  are  acceptable  because  of  the  relatively  low  air  velocities 
produced  in  the  tunnel.  These  parameters  together  with  the  weight  and  average 
> resented  area  of  the  fragment  are  then  used  to  calculate  the  low  subsonic 
drag  coefficient  (CD). 

Each  fragment  was  tested  in  the  vertical  wind  tunnel.  The  velocity  of 
the  air  stream  is  Increased  until  tne  fragment  hovers  in  the  air  stream  at 
near  constant  vertical  height.  I.i  this  vertical  equilibrium  position  the  drag 
and  gravity  forces  will  also  be  In  equilibrium.  From  previous  measurements  we 
know  the  weight  and  average  presented  area  of  the  fragment.  From  the  wind 
tunnel  we  establish  the  density  and  velocity  of  the  air  stream.  As  shown  In 
Figure  7,  once  we  know  these  values,  we  can  calculate  CQ.  Since  we  operate  at 
a single  air  volocity  we  can  only  obtain  a single  point  on  the  drag  curve. 

This  point  Is  tn  the  low  subsonic  region,  roughly  about  a Mach  Number  or 
0.1.  The  remainder  of  the  drag  curve  must  be  Inferred  from  other  sources. 


Three  regular  fragments  (sphere,  cube  and  bar)  which  uere  tested  in 
reference  (a)  were  also  tested  in  the  vertical  wind  tunnel.  In  reference  (a) 
however,  C~  was  obtained  at  a Mach  Number  of  approximately  .75.  The  results 
were  as  follows: 


Hind  Tunnel 

CD 

Reference  (a) 

Delta 

Sphere 

.42 

.60 

* .18 

v Cube 

.64 

.88 

♦ .24 

Bar 

.94 

1.12 

♦ .18 

As  seen  In  the  table,  CD  at  Mach  .75  Is  about  .2  higher  than  Cp  at 
Mach  .1  for  all  three  fragments.  Owing  to  the  conslstancy  In  the  rise  of  Cp 
from  Mach  .1  to  Mach  .75  for  the  three  regular  fragments,  it  seems  reasonable 
at  this  time  to  accept  the  same  rise  In  CQ  for  irregular  fragments.  In  this 
way,  the  shape  of  the  subsonic  drag  curve  (as  a function  of  Mach  Number)  for 
irregular  fragments  is  established. 

Experience  shows  that  range  is  more  sensitive  to  changes  In  subsonic  CQ 
than  to  similar  changes  in  supersonic  Cp.  This  can  best  be  seen  In  Figures  8 
and  9.  The  shape  of  the  transonic  and  supersonic  portions  or  the  drag  curves 
tn  F'gure  8 are  approximations  based  on  the  study  of  scattered  data  in 
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reference  (a)  and  (b).  On  the  left  aide  of  Figure  8,  the  subsonic  Cq  la  held 
constant  while  the  supersonic  Cq  Is  allowed  to  vary  *.25  about  the  mean.  The 
range  differences  from  the  mean  are  uoth  less  than  100  feet.  On  the  right 
aide  of  Figure  6,  the  supersonic  Cq  Is  kept  about  the  same  aa  before  and  the 
subsonic  is  allowed  to  vary  *.25  about  the  mean,  if  aubsonlc  and 
supersonic  Cq  were  equally  sensitive  then  the  new  range  differences  (deltas) 
should  be  about  twice  what  they  were  before.  In  fact,  they  are  about  four 
times  as  large. 

This  range  sensitivity  can  be  further  explained  by  the  data  In  Figure  9 
where  velocity  is  plotted  against  range  ratio  for  a typical  far-fleid 
trajectory.  The  range  ratio  Is  the  fraction  of  the  total  trajectory 
traversed.  From  the  figure  it  car  be  seen  that  only  25  percent  of  the 
trajectory  la  supersonic  while  75  percent  Is  subsonic.  Figures  8 and- 9 
dsmonstrate  that  the  subsonic  portion  of  the  drag  curve  affects  range  much 
store  than  the  supersonic  portion. 

Tables  A-U,  A-5  and  A- 6 of  Appendix  A list  all  of  the  dimensionless 
ratios  considered  to  date.  When  plots  or  CD  versus  the  ratios  were  made,  the 
best  correlation  was  obtained  with  the  ratio  am^x/aAVG!  that  is,  the  ratl°  <*f 
the  maximum  presented  area  to  the  average  presented  area.  This  correlation  is 
shown  on  Figure  10  The  value  for  Amx^avg  is  an  average  of  the  values 
obtained  using  the  Icosahedron  gage  and  the  equivalent  rectangular 
parallelepiped  calculations.  The  total  range  rf  uncertainty  for  all  Irregular 
fragments  Is  from  about  0.5  to  1.5.  The  range  of  Cq  uncertainty  at  an  average 
AMAX/AAVG  °r  1,1(5  to  1,5  is  about  0.6.  0n  average  then.  It  can  be  said  that 
tne  correlation  reduces  the  uncertainty  by  about  percent. 

It  Is  Important  to  know  what  a 40  percent  reduction  In  Cq  uncertainty 
means  In  terms  or  range  uncertainty.  Figure  11  shows  this  range  uncertainty 
for  a typical  fragment  trajectory  with  a presented  area  ratio  of  1.5.  The 
range  differences  are  large,  about  18  percent  above  the  average  and  28  percent 
below.  In  order  to  reduce  the  range  uncertainty  to  an  acceptable  region  of 
about  *10  percent,  It  will  be  necessary  to  reduce  the  CQ  uncertainty  by  about 
75  percent. 

In  sum ary,  the  following  observations  can  be  made: 

1.  CD  Is  a function  or  siiape  only. 

2.  Kange  Is  more  sensitive  t<>  subsonic  than  to  supersonic  CQ  variations. 

3.  Cq  correlates  with  dimensionless  parameters. 

4.  The  AH.x/AAyC  parameter  correlation  reduos  Cq  uncertainty  by 
approximately  40  percent. 

Significant  problems  remain  unresolved.  For  an  acceptable  range 
uncertainty  of  about  *10  percent,  It  will  be  necessary  to  reduce  the  Cq 
uncertainty  by  about  75  per-cent.  This  night  be  done  In  a variety  or  ways. 

More  efficient  correlation  parameters  might  be  established.  The  typical 
motion  or  the  fragments  In  the  wind  tunnel  (Figure  A-l  thru  A-9  of  Appendix  A) 
might  be  used  as  an  added  correlation.  Possibly,  the  use  of  presented  art;  a 
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other  than  average  night  be  used  In  calculating  Cn.  For  example.  In  Figure 
A-3  of  Appendix  A all  fragments  exhibit  a flat  rotation  such  that  the  area 
presented  to  the  air  stream  Is  muen  greater  than  the  average  presented  area. 

Another  unresolved  problem  involves  the  shape  of  the  transonic  and 
supersonic  portions  of  the  drag  curve.  At  present,  the  shape  Is  only  an 
approximation  based  on  scattered  data  conta.-  ?d  in  references  (a)  and  (b).  A 
practical  method  is  needed  to  test  lrregulu  Fragments  for  cD  In  a supersonic 
wind  tunnel.  The  essential  problem  is  the  d sign  of  a fixture  which  will 
allow  the  fragment  to  move  freely  and,  at  *:h'.  suite  time,  continually  measure 
drag  force. 
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MACH  NUMBER 


APPENDIX  A 


This  Appendix  contains  6 Tables  and  9 Figures. 


Table  A-l  contains  16  presented  areas  measured  by  thr  icosahedron  gage 
for  the  84  fragments  which  could  be  mounted  on  the  gage.  Table  A-2  presents 
the  linear  and  perimeter  measurements  for  all  96  fragments.  LWP,  LTP  and  TWP 
are  the  perimeter  measurements  in  the  LW,  L.T  arid  TW  planes,  respectively. 

Table  A-2  also  contains  the  subsonic  (M  - 0.1)  CD  measured  for  each  fragment 
In  the  vertical  wind  tunnel.  Table  A-3  contains  the  presented  area 
measurements  for  the  96  fragments  obtained  from  the  Icosahedron  gage  and 
calculations  using  tho  equivalent  rectangular  parallelepipeds.  Tables  A-4, 

A-5  and  A-6  contain  the  dlraentlonless  ratios  which  were  investigated  as 
correlation  parameter!!  for  Cp.  Note  that  the  fragments  have  been  reordered  In 
ascending  to  help  In  the  Cq  correlation.  The  old  frag  number  Is  that 
designated  In  Tables  A-l,  A-2  and  A-3. 

During  the  wind  tunnel  testing,  the  motion  of  each  fragment  was 
recorded.  It  was  found  that  the  motions  could  be  defined  In  9 distinct 
types.  Each  figure  shows  the  plan  views  (L-W  plane)  or  those  fragments 
exhibiting  the  distinct  motion  lrdlcated  on  the  figure.  Two  numbers  are  given 
below  each  fragment.  The  first  is  the  fragment  number  contained  In  Tables  A-l, 
A-2  and  a-3.  The  second  number,  in  parenthesis,  Is  the  subsonic  CD  measured 
In  the  vertical  wind  tunnel.  It  was  hoped  that  knowing  the  shape,  notion  and 
CD  might  provide  an  additional  method  for  correlation.  Currently,  this  has 
not  been  realized.  It  is  interesting  to  note  that  only  35  percent  of  the 
fragments  tumble  randomly.  This  Is  at  odds  uith  the  traditional  assumption 
that,  all  fragments  tumble  randomly  in  flight.  It  is  because  of  the 
traditional  assumption  that  CD  Is  calculated  using  the  average  presented  area. 
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PRESENTED  AREA  (SO.  IN.  ) 
< ICOSEHEDRON  DACE) 


WS  WESDTO  MO 


ML 

1 

2 

3 

4 

3 

s 

7 

8 

i 

11 

11 

12 

11 

U 

IS 

16 

1 

119 

L2H 

L27I 

L 284 

■.111 

L323 

LIS 

ft  124 

L148 

LOT 

197 

1.357 

LIK 

ft  IK 

LUI 

LIS 

2 

9.70 

L 70 

L73S 

L7I5 

L 703 

L7B 

L70 

ft  7 S3 

ft  70 

L 733 

1783 

ft  703 

ft  70 

ftTS 

ft  70 

1713 

I 

LEM 

LM7 

LM 

L«* 

L 227 

Lea* 

Lea 

LIU 

Lea* 

LIS 

Lia 

1.932 

LM4 

ftSS 

LSS 

ft  583 

* 

LIU 

123 

L23 

L242 

L27S 

L2H 

1251 

L 254 

LIS 

L 117 

tin 

ft  US 

LSI 

ft  133 

ft  135 

LIU 

S 

1171 

12* 

L243 

127* 

L2W 

L259 

LSI 

1171 

LIS 

Lia 

me 

LUI 

LIS 

1.452 

L3X 

LSS 

6 

1157 

1216 

L23 

1241 

ft  247 

L23t 

L271 

12S 

LIS 

LIU 

0331 

LSI 

LU! 

1.376 

LIK 

1412 

7 

1157 

L2S 

L2I7 

L2U 

L241 

ft  234 

12% 

1251 

Lia 

L112 

1127 

ft  164 

L373 

tiu 

ft  155 

1412 

• 

•.US 

1211 

L247 

L27I 

L274 

L251 

LIS 

LIU 

L 147 

LIS 

tia 

LIT! 

0473 

1.  as 

“ Si 

isa 

9 

Lin 

li» 

L2W 

L 283 

L3T 

l:is 

L 127 

LI34 

LS7 

LIS 

ft  141 

LUI 

LIS 

ft  IS 

»..« 

L45E 

11 

L2a 

12* 

12*2 

L271 

LXM 

LIU 

L3C» 

ftlul 

Lia 

LU3 

ft  371 

L373 

Laa 

ft  3*3 

1622 

17a 

It 

Lai 

L217 

1737 

1267 

L273 

L2M 

L252 

Lite 

LOT 

lui 

ftlS 

I.U7 

LIU 

1.416 

LIU 

L4W 

12 

L2U 

L222 

L2S 

L2U 

L2SE 

L271 

L277 

L2U 

LIS 

Lia 

ft  143 

LUS 

LUI 

I.IS 

LIU 

LSI* 

13 

L28t 

1211 

1239 

L2U 

ft  2*3 

L29 

L2M 

1269 

12% 

L254 

ft  in 

me 

Lia 

ftllS 

LIS 

Liao 

U 

li« 

L2S6 

12a 

ft  271 

L2% 

L25S 

Lm 

LSI 

L 147 

LOT 

ft  36 

8.374 

Lia 

ft  112 

LUS 

1437 

13 

L222 

L237 

1266 

ft  276 

L3M 

Lin 

LIS 

ft  IS 

1JJ7 

LSI 

ft  161 

lss 

Lia 

L423 

LU2 

LIST 

* 

L2W 

L2S 

Lia 

Lia 

LIT! 

Lin 

Lia 

LIS 

L423 

Lia 

L477 

L452 

0322 

L 314 

LSI 

iaw 

17 

L2U 

11.231 

1255 

L327 

Lsa 
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4 

3349 

49 

49 

49 

L2 

47 

49 

49 

40 

40 

00 

' ;-c-  - 

a 

3 

337.9 

49 

LI* 

49 

L3 

47 

49 

40 

40 

40 

083 

a 

6 

3342 

1.8 

40 

40 

L* 

47 

413 

40 

413 

431 

087 

a 

3 

902 

i.a 

L2S 

40 

1.2 

49 

41. 

40 

40 

40 

1.9 

■ 

a 

3 

3743 

4a 

483 

4*3 

1.3 

48 

411 

40 

40 

40 

LI* 

• 4 

a 

4 

3149 

412 

L.9 

40 

L2 

48 

49 

40 

49 

49 

1.11 

1570 
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TABLE  A2  CONTINUED 
FPAGMENT  DATA 


tm 

tfttQtt 

UM 

U4A1 

THAI 

uwc 

UR0 

UM 

UP 

LIP 

W 

m. 

nn 

6MO0 

lit 

IN. 

11 

a. 

IN. 

Di. 

n. 

IN. 

IN. 

C» 

91 

4 

39.2 

2.2S 

164 

131 

2.1 

16 

117 

4.  as 

4.73 

1.63 

1.01 

32 

fi 

ms 

1.66 

1.07 

fi.4fi 

1.6 

19 

116 

*.44 

X31 

2.31 

1.16 

SI 

4 

mi 

1.62 

175 

8.52 

1.3 

17 

119 

4.X 

4.K 

XII 

176 

9* 

4 

4M.fi 

2.19 

l.tfi 

127 

2.0 

19 

111 

3.23 

4.31 

XX 

1.11 

SB 

S 

432.7 

XBJ 

fi.73 

142 

1.9 

17 

117 

4.9 

4.0 

1.69 

IK 

% 

4 

43B.9 

2.73 

9.74 

137 

13 

16 

llfi 

3.K 

169 

1.81 

1.83 

97 

K 

441.7 

1.96 

196 

1.47 

1.3 

18 

12S 

X6J 

xa 

X13 

178 

X 

t 

4fi4.fi 

2.0 

19 

192 

2.1 

17 

lit 

4.81 

4.0 

X23 

1.12 

9) 

4 

443.2 

1.91 

1.35 

133 

1.6 

l.fi 

113 

te 

XU 

X94 

1.17 

m 

6 

444.1 

1.34 

193 

161 

L3 

IB 

124 

X63 

X44 

X38 

IK 

a 

4 

444.7 

2.47 

LfiJ 

1ST 

2.1 

19 

117 

XES 

Ifi6 

X3I 

IS 

a 

4 

499.3 

1.0 

19 

199 

1.1 

17 

128 

XX 

4.44 

xet 

173 

a 

6 

49.9 

2.13 

Lt2 

139 

2.1 

IB 

IIS 

113 

4.0 

XK 

IK 

u 

4 

493.1 

1.91 

L9 

19fi 

2.9 

l.fi 

115 

6.31 

xet 

X23 

IK 

B 

3 

9B.fi 

1.72 

191 

141 

1.9 

16 

124 

4.44 

X73 

L94 

IK 

B 

fi 

S19.fi 

1.62 

L2* 

139 

1.4 

t.fi 

119 

4.38 

Xlt 

X81 

l.K 

67 

fi 

S3L9 

2.12 

l.M 

14fi 

21 

Ifi 

117 

IS 

4.31 

2.9 

192 

m 

S 

347.9 

l.fifi 

l.M 

142 

1.6 

18 

122 

X63 

X9fi 

XU 

192 

IS 

t 

S9E.2 

1.97 

i.r 

142 

L9 

Ifi 

119 

IK 

4.44 

2.23 

187 

n 

4 

911.2 

1.73 

Ififi 

167 

1.3 

17 

127 

4.19 

4.U 

XK 

171 

n 

4 

fififi.4 

2.37 

195 

133 

2.3 

19 

119 

IK 

123 

X13 

IK 

n 

K 

431.7 

2.13 

1.30 

130 

2.1 

1.1 

114 

163 

4.31 

X73 

191 

n 

fi 

433.4 

1.99 

L37 

144 

l.fi 

1.1 

119 

4.94 

XE3 

X94 

184 

74 

4 

43fi.fi 

1.0 

Llfi 

166 

1.9 

19 

122 

4.63 

4.K 

XK 

IK 

is 

fi 

60.3 

XX 

LIT 

164 

2.1 

Ifi 

128 

IS 

IK 

X69 

IK 

K 

3 

713.9 

2.12 

1.24 

19fi 

1.9 

1.1 

120 

IK 

4.31 

XK 

184 

77 

fi 

713.1 

2.61 

ts 

138 

16 

18 

llfi 

1M 

IK 

X19 

1.29 

7B 

4 

7fi7.fi 

2.B 

1.14 

133 

18 

17 

128 

7.44 

113 

XK 

IK 

79 

fi 

7717 

2.SS 

1.27 

143 

13 

l.fi 

117 

7.13 

IK 

X69 

1.31 

m 

4 

777.fi 

2.8} 

Ififi 

ISfi 

Ifi 

17 

12fi 

161 

IK 

X19 

IS 

u 

fi 

782.2 

2.43 

197 

143 

14 

Ifi 

121 

167 

163 

XU 

IK 

•2 

4 

■fi4.fi 

I.B 

1.49 

191 

l.fi 

1.1 

123 

4.N 

XX 

'X44 

181 

SI 

fi 

IS.7 

I.Tfi 

u» 

14fi 

1.6 

1.4 

119 

169 

X69 

XX 

IB 

94 

K 

Hfi.3 

2.99 

L*7 

143 

X8 

19 

116 

7.K 

XB1 

X31 

l.K 

B 

4 

1417.7 

3.0 

1.27 

196 

17 

1.1 

123 

7.81 

173 

XM 

19S 

m 

fi 

lfiS.fi 

3.37 

1.93 

143 

X3 

1.2 

121 

in 

173 

4.  IS 

l.M 

V 

4 

1790.4 

3.0 

2.B 

1(6 

3.3 

1.2 

123 

la 

IS 

X69 

IK 

m 

fi 

1*0.2 

3.97 

l.at 

149 

Xfi 

1.2 

122 

131 

IIS 

xn 

199 

m 

4 

ZfifiS.7 

2.99 

L49 

197 

19 

19 

143 

173 

ica 

XH 

IN 

x 

fi 

aafifc.2 

2.71 

XK 

173 

14 

t.fi 

143 

119 

181 

XX 

179 

% 

fi 

3CSl.fi 

XX 

1.84 

14fi 

Xfi 

1.4 

123 

IB 

123 

XK 

IK 

92 

4 

arexs 

4.91 

2.(9 

197 

4.3 

1.S 

122 

12.23 

IK 

IX 

1.42 

91 

* 

M4fi.fi 

4.31 

1.9 

146 

4.1 

L3 

126 

IX  K 

11 M 

X31 

l.« 

91 

4 

5279.2 

3.17 

i.n 

174 

19 

1.4 

141 

IS 

in 

4.69 

1.B2 

9B 

7 

smu 

3.17 

2.11 

2.33 

XI 

Xfi 

t.2fi 

167 

IK 

119 

IX 

91 

7 

21413.9 

4.9 

3.77 

1.79 

4.2 

114 

1X67 

181 

163 

IK 

SOURCE  CODE 

X - BAR  Cl/4  X 1/4  X 1 1/4) 
2-1.00  IN.  DIAMETER  SPHERE 

3 - .76  IN.  PER  SIDE  CUBE 

4 - 1S3MM  M1B7  PROJECTILE 


5 - 7BMM  MK  163  PROJECTILE 

6 - NK  84  LOU  DRAG  BOMB 

7 - MK  82  LOU  DRAG  BOMB 


TABLE  A3 

ICOSAHE'-  jM  V3  CALCULATED  AREAS 


FRAG 

MIN 

AREA 

MAX 

AREA 

AVO 

AREA 

STD 

DEV 

VARX'INCE 

NO. 

1 COS 

CALC 

ICQS 

CAU. 

ICOS 

CALC 

ICOS 

CALC 

ICOS 

CALC 

1 

a.  2« 

a.  07 

0.  43 

0.  sc 

0.34 

0 38 

0.07 

0.  09 

a.  003 

a.  008 

2 

a.  79 

a.  79 

0.  79 

0.  79 

0.  /a 

0.  79 

0.00 

0.  00 

a.  coo 

a.  000 

3 

a.  64 

a.  sa 

0.  98 

1.  00 

0.  87 

0.  87 

o.  ia 

0.09 

0.009 

0.008 

4 

a.  19 

a.  os 

O.  37 

0.  47 

0.  30 

8.  31 

a.  as 

0.  11 

0.003 

a.  012 

3 

a.  17 

a.  04 

9 sa 

0.66 

0.  37 

a.  41 

o.  u 

0.  16 

0.013 

0.  027 

e 

a.  is 

0.06 

a.  Ai 

B.  32 

0.  30 

0.  34 

0.07 

0.  12 

0.003 

0.013 

7 

a.  2a 

a.  06 

0.  41 

a.  32 

0.  30 

0.  34 

0.  07 

0.  1? 

0.003 

0.013 

a 

a.  ia 

a.  os 

a.  sa 

a.  73 

0.  37 

0.  44 

a.  12 

0.  19 

a.  013 

0.036 

9 

a.  is 

0.06 

a.  sa 

3.  37 

3.  33 

0.  37 

a.  os 

a.  14 

0.  009 

0.019 

ia 

a.  23 

0.03 

a.  70 

0.83 

43 

0.  49 

a.  is 

0.  22 

a.  023 

0.030 

n 

a.  2a 

a.  06 

a.  49 

0.  37 

. 34 

a.  37 

a.  os 

8.  I t 

0.  007 

0.018 

12 

a.  21 

0.08 

a.  si 

0.  63 

. 33 

0.  40 

a.  ia 

a 16 

a.  oi  a 

O.  077 

13 

a.  21 

a.  ia 

0.36 

0.44 

. .28 

a.  si 

a.  as 

a.  ia 

0.002 

a.  aas 

14 

a.  is 

0.07 

0.46 

a.  32 

a.  34 

a.  33 

a.  07 

a.  12 

0.  006 

0.014 

IS 

a.  22 

0.08 

0.  46 

0.36 

0.  34 

a.  37 

a.  07 

a.  is 

0.  003 

e.ei7 

16 

0.21 

a.  as 

a.  37 

a.  7i 

0.  A2 

0.46 

a.  it 

a.  17 

0.011 

a.  029 

17 

0.21 

a.  06 

0.  S3 

a.  67 

0.  78 

a.  &3 

a.  ia 

a.  is 

a.  009 

0.026 

ia 

0,23 

0.  06 

0.S2 

a.  sa 

0.  ’ 

a.  4i 

a.aa 

a.  is 

a.  007 

e.aia 

19 

0.21 

0.08 

0.  32 

0.62 

0. 

0.  41 

a.  ia 

a.  is 

0.010 

0.021 

20 

0.22 

0.  07 

0.  62 

a.  ua 

0.  - 

a.  sa 

a.  ia 

0.20 

a.01  a 

a.  039 

21 

0.  20 

0.06 

O.  74 

a.  32 

a.  -3 

0.36 

a.  16 

a.  23 

0.026 

0.034 

22 

0.28 

0.  07 

0.60 

a.  92 

a.  33 

a.  37 

a.  is 

0.23 

a.  023 

0.033 

23 

0.27 

0.  10 

0.61 

a.  69 

a.  43 

a.  47 

a.  ia 

a.  is 

a.  0ia 

0.  024 

2A 

0.27 

a.  ii 

(VV3 

a.  82 

a.  4c 

a.  32 

a.  16 

a.  20 

a.  023 

0.040 

23 

0.26 

0.08 

0.  79 

0.93 

0.33 

a.  39 

a.  i7 

a.  23 

a.  029 

0.031 

26 

a.  29 

0.  08 

0.76 

0.93 

0.54 

0.39 

a.  ia 

0.23 

0.02a 

0.031 

27 

0.34 

0.09 

0.73 

a.  87 

a.S4 

0.37 

a.  12 

a.  21 

0.013 

a.  043 

211 

0.33 

a.  ia 

0.73 

0.81 

a.  34 

0.34 

a.  12 

a.  i*i 

0.014 

0.036 

29 

0.33 

a.  ia 

a.  69 

a.  ai 

0.32 

3.34 

a.  n 

a.  19 

a.  on 

0.033 

aa 

0.3a 

9.08 

a.  74 

0.89 

a.  si 

3.39 

a.  12 

0.21 

0.016 

a.  043 

31 

0.34 

a.  12 

0.37 

0.71 

e.4e 

3.31 

a.  07 

0.  13 

a.  003 

0.022 

32 

0.29 

0.07 

a.  si 

8.99 

0.62 

3.63 

a.  ia 

0.  23 

0.019 

0.033 

33 

0.36 

a.  is 

a.  6a 

a.  7i 

0.48 

0.31 

a.  B7 

0.  13 

0.  003 

0.  022 

3A 

0.31 

a.  n 

0.84 

i.ei 

0.61 

0.63 

0.  14 

0.24 

e.eia 

Cj.  039 

33 

0-31 

a.  aa 

1.03 

1.  17 

0.68 

0.  74 

0.23 

0.29 

a.  ass 

0.084 

36 

0.36 

a.  ia 

0.99 

i.ea 

a.  62 

0.  69 

O.  IB 

0.  26 

0.031 

0.069 

37 

a.  sa 

a.  n 

0.83 

i.ei 

0.61 

.1.66 

0.  13 

0.24 

0.  023 

0.038 

38 

0.33 

a.  12 

0.  79 

0.93 

8.53 

0.  63 

a.  14 

0.22 

a.  019 

0.048 

39 

0.42 

0.  13 

1.03 

1.  19 

a.  71 

0.  74 

a.  28 

0.  30 

a.  04O 

0.089 

A0 

0.28 

a.  12 

0.  77 

8.  89 

a.  62 

0.  62 

a.  12 

a.  20 

0.013 

0.839 

A1 

0.48 

a.  is 

0.  70 

0.92 

a.  sa 

3.  62 

a.  B6 

0.21 

0.004 

0.  043 

A2 

0.42 

a.  n 

a.  86 

a.  93 

0.63 

63 

a.  12 

0.  21 

0.013 

3.046 

A3 

Ct.33 

a.  07 

1.43 

1.84 

1.02 

. 07 

a.  24 

0.  49 

a.  066 

G.  235 

AA 

8.33 

a.  16 

0.66 

a.  83 

a.  ss 

. 60 

a.  07 

0.  17 

a.  004 

0.029 

AS 

0.41 

a.  is 

0.79 

0.  89 

8.  39 

. 62 

a.  n 

0.  IS 

0.012 

0.  037 

46 

0.41 

a.  ia 

0.  83 

0.96 

0.64 

. 66 

a.  ia 

0.  21 

0.  020 

0.046 

A7 

0.47 

a.  is 

0.  82 

1.  02 

0.63 

. 69 

a.  ii 

0.  24 

0.012 

0.033 

A8 

0.40 

a.  is 

0.  97 

1.  11 

0.68 

72 

a.  19 

B.  27 

a.  037 

0.  e/i 

49 

0.37 

a.  13 

0.90 

1.  08 

O.  64 

. 71 

a.  i6 

0.23 

0.023 

0.064 

30 

0.  43 

0.  16 

0.  83 

i.ea 

B.  64 

■ S8 

a.  12 

0.23 

0.013 

0.  032 

1 
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TABLE  A3  (CONTINUED) 
ICOSAHEDRON  VS  CALCULATED  AREAS 


FRAG  MIN 

AREA 

MAX 

AREA 

AVO 

AREA 

STD 

DEV 

VARIANCE 

NO. 

I COS 

CALC 

I COS 

CALC 

I COS 

CALC 

I COS 

CALC 

ICOS 

CALC 

31 

0.  40 

a.  ia 

1. 03 

1.23 

0.  78 

0.  82 

0.  19 

0.  30 

0.  037 

0.  088 

32 

0.41 

a.  is 

1.  20 

1.  31 

0.  77 

a.  83 

0.  26 

0.  32 

0.968 

0.  194 

33 

0. 34 

a.  13 

0.  sa 

1.  10 

0.75 

a.  74 

a.  ii 

0.  23 

0.012 

0.  064 

34 

0.34 

a.  ia 

1.67 

1.  62 

0.  98 

1.  B7 

0.  41 

0.  43 

0.  169 

0.  228 

S3 

0.  46 

0.  12 

1.  20 

1.  37 

0.  S3 

0.88 

0.  23 

0.  33 

0.  031 

0.111 

36 

0.36 

9.09 

1. 39 

1.53 

0.  93 

0.  9S 

0.  27 

0.  38 

0.  072 

0.  144 

37 

0.46 

0.  18 

0.  96 

1.  10 

0.73 

a.  76 

0.  15 

0.  24 

0.  022 

0.039 

38 

0.2S 

8.  11 

1.  34 

1.31 

0.  07 

0.  96 

0.26 

0.  37 

0.  069 

0.  138 

3S 

0.  45 

0.  13 

1.33 

1.63 

0.92 

1.09 

0.35 

0.  41 

0.  121 

0.  169 

GO 

0.  49 

a.  19 

0.  97 

1.  10 

0.  73 

0.  77 

0.  14 

0.  24 

0.020 

0.  037 

61 

0.33 

a.  12 

1.66 

1.S1 

1.03 

1.  14 

0.36 

0.  50 

O.  151 

0.246 

62 

0.64 

e.  14 

0.99 

1.  32 

0.  86 

0.88 

0.  10 

0.  31 

0.010 

0.  094 

63 

0.40 

e.  12 

1.39 

1.71 

0.93 

1. 06 

0.30 

0.  43 

0.  089 

0.  187 

64 

0.32 

a.  is 

1.94 

2.02 

1.  15 

1.  19 

0.  47 

0.33 

0.  223 

0..  30 

63 

0.46 

0.  14 

1.  13 

1.  17 

0.79 

0.83 

0.20 

0.23 

0.  040 

0.  063 

66 

0.33 

0.  19 

1.36 

1.44 

0.  83 

B.  93 

0.26 

0.  33 

0.067 

0.  120 

67 

0.62 

0.  14 

1.  43 

1.64 

0.97 

1.04 

0.23 

0.40 

0.064 

0.  164 

68 

0.39 

0.  17 

1.  14 

1.34 

0.86 

0.90 

0.20 

0.31 

0.  039 

0.094 

69 

0.37 

0.  13 

1.28 

1.37 

0.92 

1.  01 

0.21 

0.  38 

0.  044 

0.  143 

70 

0.43 

0.  19 

0.91 

1.  14 

0.73 

0.  82 

0.  13 

0.24 

0.018 

0.  033 

71 

0.31 

0.  13 

1.  88 

2.  10 

1.  13 

1.27 

8.  42 

0.34 

0.  174 

0.  290 

72 

0.61 

0.  16 

2.09 

2.34 

1.26 

1.39 

0.49 

a.  si 

0.  242 

0.370 

73 

0.32 

0.  21 

1.69 

1.80 

1.06 

1.  14 

0.36 

0.44 

0.  127 

0.  196 

74 

0.64 

0.  18 

1.44 

1.39 

1.01 

1.06 

0.  24 

0.37 

0.  059 

0.  136 

75 

0.31 

0.  16 

1.63 

1.74 

1.  10 

1.  15 

0.31 

0.  42 

0.  097 

0.  173 

76 

0.47 

0.20 

2.00 

1.83 

1.  14 

1.  IB 

0.  44 

0.43 

0.  196 

0.202 

77 

0.48 

0.  14 

1.76 

2.  13 

1.  17 

1.34 

0.38 

0.33 

0.  *.47 

0.281 

70 

0.84 

0.  14 

1.  86 

2.04 

1.29 

1.33 

0.30 

0.49 

0.  088 

£.238 

79 

0.68 

8.  17 

2.  07 

2.34 

1.30 

1.43 

0.  42 

0.39 

0.  173 

1.332 

80 

0.67 

0.  14 

1.70 

2.03 

1.24 

1.33 

0.30 

0.  49 

0.  090 

0.  238 

81 

0.60 

a.  17 

1.61 

1.99 

1.20 

1.29 

0.26 

0.48 

0.  067 

P.  227 

82 

0.69 

0.26 

1.33 

1.82 

1.08 

1.  19 

0.28 

0.43 

0.  078 

0. 184 

83 

0.61 

0.27 

1.98 

2.28 

1.27 

1.48 

0.46 

0.37 

8.216 

8.329 

84 

0.60 

0.  13 

2.20 

2.73 

1.41 

1.67 

0.46 

0.70 

8.210 

0.494 

as 

0.31 

3.08 

2.01 

0.73 

0.333 

86 

0.26 

4.03 

2.46 

1.03 

1.033 

87 

0.28 

4.04 

2.30 

1.02 

1.034 

08 

0.26 

4.64 

2.83 

1.18 

1.400 

09 

0.41 

2.33 

1.90 

0.30 

0.245 

90 

0.43 

2.64 

1.93 

0.34 

0.286 

91 

0.33 

4.28 

2.64 

1.08 

1.  161 

52 

0.33 

6.33 

3.86 

1.71 

2.908 

93 

0.59 

6.23 

3.81 

1.E0 

2.549 

94 

0.38 

4.  27 

2.92 

0.96 

8.925 

93 

2.37 

7.80 

6.37 

1.11 

1.232 

** 

2.84 

14.98 

'0.32 

3.33 

11.078 

EXPLANATION  OP  COLUMN  HEAD I NOS 

NIN 

AREA  - 

MINIMUM 

PRESENTED  AREA 

(SO. 

IN.  > 

MAX 

AREA  - 

MAXIMUM 

PRE8ENTED  ARt-A 

(SO. 

IN.  > 

AVO 

AREA  - 

AVERAGE 

PRESENTED  AREA 

(SO. 

IN.  ) 

1 

STD  DEV  — STANDARD  DEVIATION  OF  PRESENTED  AREA  (SQ.  IN. ) 

VARIANCE  - VARIANCE  OF  PRESENTED  AREA  (IN.  4TH> 

I COS  - AREAS  CALCULATED  FROM  ICOSAHEDRON  GAGE  DATA 

CALC  - AREAS  CALCULATED  FROM  APPROXIMATING  RECTANGULAR  PARALLELEPIPEDS 
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TABLE  A4 

PRESENTED  AREA  RATIOS 


FPAO 

N'J. 

MAX 

/ MIN 

NEW 

OLD 

CD 

I COS 

CALC 

1 

2 

0.  47 

1. 00 

1.  00 

2 

93 

0.  30 

3.  04 

3 

3 

0.  64 

1.34 

1.  73 

4 

70 

0.  71 

2.  10 

5.  99 

S 

44 

0.  72 

1.69 

3.  03 

S 

62 

0.  73 

1.36 

9.  49 

7 

33 

0.  76 

1.63 

8.  16 

a 

41 

0.  76 

1.44 

3.94 

9 

11 

0.  76 

2.42 

9.33 

10 

37 

0.  73 

2.  10 

6.  03 

11 

33 

0.  79 

3.36 

14.41 

12 

90 

0.  79 

6.  20 

13 

45 

0.  80 

l.SS 

3.  91 

14 

89 

0.  80 

6.  24 

IS 

82 

0.  81 

2.  27 

7.  08 

IS 

40 

0.  82 

2.77 

7.  32 

17 

13 

6.  83 

1.72 

4.  67 

18 

46 

0 93 

2.03 

6.81 

19 

18 

0.  83 

7.  11 

10.  33 

20 

73 

0.  84 

3.  24 

8.60 

21 

76 

0.  84 

4.28 

9.  13 

22 

63 

0.86 

3.30 

14.  36 

23 

33 

0.  86 

1.66 

5.  49 

24 

74 

0.  36 

2.27 

9.  01 

23 

39 

0.  86 

2.  50 

9.  37 

2b 

63 

0.  66 

2.  49 

8.  18 

27 

47 

0.  87 

1.76 

7.  81 

28 

69 

0.  87 

2.  27 

10.30 

29 

33 

0.88 

2.  63 

11.  ei 

30 

64 

0.88 

3.  76 

15.99 

31 

12 

0.88 

2.  38 

7.  92 

32 

27 

0.89 

2.20 

9.  87 

33 

83 

0.89 

3.23 

8.36 

34 

7d 

0.90 

2.  21 

14.62 

33 

32 

0.  90 

2.82 

13.  33 

36 

60 

0.90 

1.99 

3.80 

37 

4 

0.  91 

1.90 

7.  46 

38 

67 

0.92 

2.  33 

12.  10 

39 

68 

0.  92 

1.94 

7.66 

40 

83 

0.  93 

10.  07 

41 

72 

0.93 

3.41 

14.  73 

42 

9 

0.93 

2.71 

1*.  03 

43 

1 

0.94 

2.  19 

6.92 

44 

17 

0.94 

2.  63 

11.01 

43 

08 

0.  93 

17.33 

46 

43 

0.  93 

2.  39 

26.  37 

47 

16 

0.  93 

2.  73 

13,  71 

48 

M 

0.  96 

2.52 

14.44 

49 

31 

0.  96 

1.66 

5.69 

30 

29 

0.  JG 

1. 97 

8.34 

MAX 

/ A VO 

A VO 

/ MIN 

I COS 

CALC 

I COS 

CALC 

1.00 

1.B0 

1. 00 

1.00 

1.22 

2.48 

1.  13 

1.  13 

1.  36 

1.50 

1.22 

1. 39 

1.  73 

4.32 

1.20 

1.  39 

1.  41 

3.  63 

1.  16 

1.30 

1.  34 

6.  33 

1.20 

1.49 

1.  38 

5.  48 

1.  20 

1.47 

1.  19 

4.  03 

1.45 

1.33 

1.  67 

6.21 

1.31 

1.43 

1.  60 

4.  18 

1.  33 

1.58 

2.  17 

9.09 

1.37 

4.31 

1.  34 

1.43 

1.  46 

4.  14 

1.33 

4.64 

1.43 

:.S2 

1.53 

4.66 

1.23 

1.44 

2.  2S 

3.21 

1.26 

1.42 

1.37 

3.29 

1.29 

1.46 

1.37 

A.  6-* 

1.37 

1.46 

1.  34 

7.BJ 

1.59 

1.58 

2.03 

3.  44 

1.73 

1.56 

2.  44 

3.83 

1.31 

1.62 

2.  33 

8.86 

1.24 

1.39 

1.  33 

3.96 

1.43 

1.S0 

1.59 

6.00 

1.47 

1.61 

1.70 

3.  82 

1.42 

1.42 

1.  73 

3.  77 

1.30 

1.49 

1.  35 

3.  24 

1.39 

1.53 

1.63 

6.78 

1.42 

1.36 

1.  86 

7.  5B 

1.69 

1.70 

2.  22 

9.42 

1.32 

1.62 

1.36 

4.90 

1.37 

1.53 

1.60 

6.  44 

1.36 

1.62 

2.08 

5.28 

1.43 

1.54 

1.34 

9.31 

1.31 

1.32 

2.  13 

8.78 

1.32 

1.43 

1.  50 

A.  03 

1.23 

1.30 

1.54 

A.  99 

1.50 

1.38 

1.  36 

7.63 

1.  33 

1.48 

1. 47 

3.  16 

1.33 

6.  39 

1.66 

1.69 

2.03 

8.73 

1.41 

1.33 

1.93 

6.  48 

1.  29 

1.30 

1.  70 

3.33 

1.  43 

1.33 

1.82 

7.  13 

1.64 

lO.  69 

1.  41 

1.71 

1.  84 

15.  30 

1.33 

1.54 

2.  04 

10.  17 

1.37 

1.33 

1.  84 

9.  42 

1.23 

1.40 

1.  35 

4.06 

1.  33 

1.49 

1. 48 

5.38 
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TABLE  04  < CONTINUED) 

PRESENTED  OREO  RATIOS 


V* 

$ 


v» 

%>• 

V\ 

V) 

V 

«£2 


A 

Jyj> 

« 

ic? 

<&S 

$ 

• 4 

W'^1 


>vvv 

vl>‘y^ 
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FRAO 

NO. 

MAX 

/ MIN 

MAX  / AVQ 

AVO 

/ MIN 

NEW 

OLD 

CO 

I CDS 

CALC 

i COS 

CALC 

ICOS 

CALC 

SI 

37 

8.  96 

2.64 

8.  97 

1.41 

1.  34 

2.82 

3.83 

32 

61 

8.96 

3.  16 

16.  18 

1.61 

1.68 

1. 96 

9.66 

S3 

16 

8.96 

2.41 

7.  71 

1.  34 

1.49 

1.  73 

3.  19 

34 

1* 

0.  97 

3.84 

16.  34 

1.61 

1.73 

1.  83 

•1.  47 

39 

07 

8.38 

14.  S3 

1.62 

8.99 

36 

71 

0.98 

3.71 

13.38 

1.63 

1.63 

2.28 

9.43 

57 

13 

8.  98 

2.86 

7.  26 

1.34 

1.32 

1.34 

4.  76 

38 

38 

8.38 

2.26 

7.78 

1.43 

1.38 

1.37 

3.  13 

39 

62 

8.  98 

2.  88 

8.  33 

1.  36 

1.46 

1.33 

3.  69 

68 

73 

8.39 

3.  24 

18.  72 

1.38 

1.33 

2.  17 

6.  90 

61 

36 

8.99 

3.  27 

1.43 

3.63 

62 

91 

8.93 

12.  36 

1.62 

7.64 

63 

81 

8.  33 

2.67 

11.97 

1.34 

1.34 

2.80 

7.  77 

6* 

86 

1.80 

3.  23 

18.63 

1. 37 

1.63 

2.86 

11.33 

69 

S3 

1.81 

13.  97 

1.64 

9.  72 

66 

96 

1.82 

7.41 

1.46 

3.86 

67 

23 

1.82 

2.23 

6.  98 

1.33 

1.  t-7 

1.67 

4.  74 

68 

39 

1.83 

3. 43 

18.33 

1.68 

1.63 

2.04 

6. 49 

69 

36 

1.83 

3.  87 

16.68 

1.48 

1.37 

2.61 

18.64 

78 

68 

1.86 

2.  43 

7.  23 

t ■ 44 

1.34 

1.70 

4.69 

71 

31 

1.83 

2.62 

12.33 

1. 33 

1.33 

1.93 

8.  19 

72 

7 

1.03 

2.83 

8.88 

1.36 

1.33 

1.34 

3. 73 

73 

6 

1.86 

2.62 

8.96 

1.39 

1.33 

1.83 

3.83 

74 

66 

1.  OF 

2.36 

7.  39 

1.61 

1.33 

1.39 

4.  98 

79 

SC 

1.  11 

1.93 

6.  18 

1.31 

1.47 

1.49 

4.21 

76 

36 

1.11 

4.34 

17.61 

1.74 

1.70 

2.84 

10.33 

77 

38 

1.  12 

4.63 

13.  48 

1.34 

1.37 

3.03 

8.31 

78 

69 

I.  16 

2. 42 

7.41 

1.41 

1.31 

1.72 

4.83 

73 

36 

1.  16 

2.73 

10.68 

1.68 

1.37 

1.78 

6.64 

BO 

32 

1.  16 

2.93 

.O.  43 

1.37 

1.38 

1.88 

6.60 

•1 

22 

1.  18 

2.66 

13.  27 

1.47 

1.61 

1.93 

8.24 

82 

3 

1.  19 

3. 37 

18.34 

1.33 

1.60 

2.  17 

11.44 

83 

26 

1.  19 

2.60 

11.38 

1.41 

1.36 

1.84 

7.20 

8* 

19 

1.21 

2. 43 

*.33 

1.43 

1.32 

1.68 

4.  98' 

*3 

86 

1.26 

13.79 

1.64 

9.63 

06 

38 

1.24 

2.49 

11.63 

1.43 

1.30 

1.74 

7. 73 

•7 

77 

1.29 

3.64 

13.  13 

1.31 

1.33 

2.42 

9.30 

SO 

36 

1.23 

2.69 

3.38 

1.  38 

1.33 

1.94 

6.  12 

89 

20 

1.23 

2.77 

11.41 

1.41 

1.39 

1.97 

7.  IK 

90 

23 

1.38 

3.83 

11.31 

1.38 

1.37 

2.04 

7.33 

91 

79 

1.31 

3.84 

13.38 

1.68 

1.63 

1.30 

8.  32 

92 

28 

1.  33 

2.26 

8.  46 

1.48 

1.30 

1.6D 

3.64 

93 

0 

1.  36 

3.  17 

14.  32 

1.33 

1.67 

2.03 

8.  37 

96 

21 

1.38 

3.72 

14.  29 

1.36 

1.63 

2.38 

8.77 

99 

92 

1.  62 

19.91 

1.69 

11.77 

96 

7A 

1.  68 

2.81 

t.48 

1.61 

1.37 

1.74 

4.  78 

I COB  - PRESENTED  AREA  RATIOS  CALCULATED  FROM  ICOSAHEDRON  OAGE  DATA 

CALC  - PRESENTED  AREA  RATIOS  CALCULATED  FROM  APPROXIMATING  RECTANGULAR  PARALLELED 
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TPBI.E  as 

LINEAR  AND  STATISTICAL  RATIOS 


prao  no. 


tew 

OLD 

no 

L/T 

W/T 

1 

2 

0.42 

< SPHERE) 

2 

93 

0.S0 

2.  42 

i.se 

3 

3 

0.64 

1. 80 

1. 00 

4 

70 

0.  71 

5.  S« 

2.37 

S 

44 

0.  77 

4.  69 

2.  98 

6 

62 

0.  73 

9.  88 

3.  33 

7 

S3 

0.  76 

7.  B1 

3.  63 

8 

41 

0.  76 

S.  69 

4.  16 

9 

11 

0.76 

9.  22 

4.  19 

10 

97 

0.78 

3.  74 

3.53 

11 

35 

0.  79 

14.02 

4.43 

12 

90 

0.79 

3.  63 

2.34 

13 

43 

0.  80 

9.  37 

3.23 

14 

89 

0.  80 

S.  90 

1.  98 

IS 

82 

0.81 

6.  86 

4.  71 

16 

40 

0.82 

7.  88 

3.  03 

17 

13 

0.  83 

4.41 

3.  78 

18 

46 

0.83 

6.  48 

3.49 

19 

18 

0.83 

9.63 

2.7) 

20 

73 

0.84 

8.  42 

3.  79 

21 

76 

0.84 

8.90 

4.  94 

22 

S3 

0.86 

14.  09 

3.37 

23 

33 

0.86 

9.08 

2.77 

24 

74 

0.86 

8.63 

3.63 

23 

39 

0.86 

9.  20 

6.37 

26 

63 

0.86 

7.35 

2.  92 

27 

47 

a.  87 

7.49 

3.  74 

28 

69 

0.  87 

10.  18 

4.  29 

29 

S3 

0.80 

11.49 

4.  22 

30 

64 

0.68 

IS.  84 

7.92 

31 

12 

0.88 

7.  79 

7.79 

32 

27 

0.89 

9.34 

4.09 

33 

'3 

0.89 

a.  43 

7.37 

34 

0 

0.90 

14.  02 

3.31 

33 

32 

0.90 

12.73 

3.36 

% 

60 

0.90 

3.  47 

3.  37 

37 

4 

0.91 

7.  17 

3.98 

38 

07 

0.92 

11.79 

4.72 

39 

60 

0.92 

7.  33 

3.66 

40 

89 

0.93 

9.  72 

3.96 

41 

71 

0.93 

14.99 

7.64 

42 

9 

0.93 

9.  76 

4.44 

43 

2 

0.  94 

3.  17 

1.  13 

44 

17 

0.94 

10.69 

4.  10 

49 

88 

0.99 

17.21 

9.44 

46 

43 

0.99 

26.  29 

7.08 

47 

16 

0.93 

13.  10 

3.  33 

40 

80 

0.96 

13.84 

3.46 

49 

31 

0.96 

9.  29 

2.  89 

90 

29 

0.96 

7.99 

3.  69 

SO  / 

aavcj 

VAR  / 

L*  /T* 

W /T* 

I COS 

CRLC 

I COS 

1. 74 

1. 33 

0.  17 

1. 80 

1.00 

0.  11 

l<.  10 

0.  01 

3.  43 

1. 46 

0.  16 

(i.  29 

a.  as 

2.  33 

1.36 

0.  12 

0.  29 

0. 01 

4.  61 

2.03 

0.  11 

0.  33 

0.  01 

4.  38 

2.  04 

0.  13 

0.  34 

0.  02 

2.  24 

1. 90 

0.  11 

0.  33 

0.  01 

5.30 

3.  11 

0.  23 

0.  37 

0.  06 

4.  n 

2. 53 

0.  20 

0.  32 

0.  04 

8.  36 

2.81 

0.  34 

0.  3S 

0.  12 

4.  42 

2.  66 

0.  21 

3.  53 

2.  31 

0.  18 

0.  31 

0.  03 

3.  37 

1.68 

0 26 

4.  03 

3.  18 

0.  26 

0 36 

0.  07 

3.  86 

1.80 

0.  20 

3.  32 

0.  04 

2.  33 

2.34 

0.  16 

0.  30 

0.03 

3.  73 

2.  39 

0.  22 

0.  33 

0.03 

3.  70 

2.29 

0.21 

0.  33 

0.03 

3.06 

3.92 

0.  34 

0.  39 

0.  1 1 

3.38 

3.  19 

0.  29 

0.  38 

0.  13 

7.33 

3.  38 

0.  32 

0.  41 

0.  10 

3.  40 

2.30 

0.  13 

0.  29 

0.  02 

4.24 

2.  23 

0.  24 

0.  35 

0.  06 

3.43 

4.03 

0.  28 

0.  40 

0.  08 

3.43 

2.33 

0.  23 

0.  30 

9.  06 

3.  49 

1.  D6 

0.  17 

0.  34 

0.  03 

6.  38 

3.  08 

0.  23 

0.  37 

0.  03 

6.  71 

2.47 

0.  27 

0.  38 

0.  07 

6.  32 

4.  14 

0.  41 

0.  43 

0.  17 

4.  33 

4.  13 

0.30 

a.  4i 

0.09 

3.  10 

2.  48 

0.  23 

0.  37 

0.  03 

3.  78 

3.07 

0.  37 

0.41 

0.  13 

7.74 

2.35 

0.23 

0.  37 

0.03 

6.  19 

2.09 

0.  22 

0.36 

0.03 

3.  33 

2.04 

0.  19 

0.  31 

0.04 

2.97 

1.79 

0.  17 

0.  33 

0.03 

7.23 

3.27 

0.  26 

0.  39 

0.  07 

3.01 

2.82 

0.  23 

0.  3* 

8.00 

7.  08 

2.83 

0.  36 

9.66 

3.41 

0.  39 

0.  44 

8.  13 

3.81 

2.68 

0.  27 

0.  37 

0.07 

3.  16 

1.  13 

0.  21 

0.  23 

0.  04 

3.  84 

2.36 

O.  26 

».  37 

0.  07 

10.  86 

4.31 

0.  42 

18.  33 

3.  33 

0.  23 

0.  43 

0.03 

B.  76 

2.  42 

0.  23 

0.  37 

0.06 

B.  03 

2.22 

0.  24 

0.  37 

0.06 

3.  17 

2.  18 

0.  13 

0.  29 

0.02 

4.94 

2.47 

0.  20 

0.33 

0.04 

! 576 
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aavo»2 

CRLC 

0.  03 
0.01 
0. 10 
0.  It 
0.  14 
0.  16 
0.  19 
0.36 
0.  13 
0.21 
0.  08 
0.  IS 
0.  07 
0.  11 
0.  16 
0.30 
0.  16 
0.26 
0.  13 
0.  12 
0.  16 
0.  16 
0.  11 
0.  22 
0.  It 
0.  17 
0.  14 
0.  16 
0.  17 
0.  41 
0.  24 
0.  12 
0.10 
0.20 
0.  13 
0.  38 
O.  IS 
0.  13 
0.  13 
0.  14 
0.  38 
0.  14 
0.  32 
0.  17 
0.  19 
0.  30 
0.  10 
0.  17 
0.  22 
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TA8LE  A3  (CONTINUED) 
LINEAR  AND  STATISTICAL  RATIOS 


FRAG 

NO. 

SD  / 

AAVG 

VAR  / 

AAVG+2 

NEW 

OLD 

CD 

L/T 

W/T 

L*  /T* 

W*  /T* 

I COS 

CALC 

IC08 

CALC 

SI 

37 

0.96 

8.  69 

4.  33 

S.  61 

2.  86 

0.  23 

0.  37 

0.  06 

0.  20 

S2 

SI 

0.  96 

15.98 

6.  85 

9.  11 

3.  89 

0.  33 

0.  43 

0.  12 

O.  17 

S3 

1 A 

0.  96 

7.  37 

3.  69 

4.  30 

2.  68 

0.22 

0.  34 

0.03 

0.  33 

5* 

10 

0.97 

16.22 

9.  46 

9.  12 

4.  83 

0.  33 

0.  46 

a.  12 

0.43 

53 

B7 

0.98 

14.23 

3.  18 

7.  6€ 

3.64 

0.41 

0.  17 

56 

71 

0.98 

13.  34 

6.  00 

9.  74 

3.  72 

0.36 

0.42 

0.  13 

0.  14 

37 

13 

0.98 

7.03 

4.  69 

4.  29 

3.  04 

0.21 

0.  36 

0.03 

0.33 

sa 

38 

0.98 

7.41 

3.  99 

3.  11 

2.81 

0.  23 

0.  33 

0.06 

a.  19 

59 

82 

0.  98 

7.BS 

S-  13 

3.  98 

2.  33 

0.  19 

8.33 

0.04 

0.  17 

S0 

73 

0.  99 

10.  34 

3.  94 

6.  66 

2.  SI 

0.  28 

0.  37 

0.08 

0.  12 

61 

96 

0.  99 

3.  02 

4.  06 

3.  34 

2.  73 

0.  32 

0.  10 

62 

91 

0.99 

12.  13 

S.  66 

8.  91 

4.58 

0.  41 

0.  17 

63 

Ol 

0.99 

11.55 

7.  85 

7.37 

2.  77 

0.  22 

0.  37 

0.03 

0.  11 

64 

04 

1.00 

IS.  33 

3.  SO 

10.  09 

3.  32 

0.  33 

0.  42 

0.  11 

0.  11 

63 

93 

1.01 

13.70 

3.  74 

12.  03 

4.63 

0.  42 

0.  IP 

66 

94 

1.02 

7.04 

3.  40 

3.  27 

2.66 

0.  33 

0.  11 

67 

23 

1.02 

6.66 

3.  63 

4.46 

2.  44 

0.22 

0.33 

0.03 

0.24 

68 

39 

1.03 

10.  38 

6.  49 

6.37 

4.  88 

0.38 

0.41 

0.  14 

0.  17 

69 

36 

1.03 

lb.  12 

3.  87 

10.00 

2.  39 

0.29 

0.  38 

0.03 

0.  13 

70 

AS 

1.04 

7.03 

3.  29 

4.09 

3.38 

0.28 

0.  37 

0.08 

a.  19 

71 

31 

1.03 

12-  06 

3.62 

6.30 

1.83 

0.  24 

0.  36 

9.  06 

0.  16 

72 

7 

1.03 

8.  31 

4.  23 

3.  19 

2.84 

0.  23 

0.36 

0.03 

0.39 

73 

6 

1.06 

8.66 

4.  33 

3.33 

3.  23 

0.  24 

0.  37 

0.  06 

0.40 

74 

66 

1.06 

7.  39 

3.28 

3.21 

3.  80 

0.30 

0.  37 

0.09 

0.  13 

73 

30 

1.  11 

3.91 

3.  94 

2.  82 

2.  IB 

0.  19 

0.33 

0.  04 

0.  16 

76 

54 

1.  11 

17.  44 

7.  S3 

10.63 

3.36 

0.43 

e.  43 

U.  18 

0.  19 

77 

38 

1.  (2 

13.02 

4.  T4 

6.  06 

2.  47 

0.30 

0.  39 

0.09 

0.  16 

78 

49 

1.  14 

7.  16 

4.  40 

4.23 

2.  70 

0.  23 

0.36 

0.06 

0.  18 

79 

36 

1.  16 

10.  13 

4.  73 

6.2S 

2.  93 

0.29 

0.38 

0.98 

0.21 

se 

32 

1.  16 

10.21 

3.  10 

3.86 

3.36 

0.34 

0.  39 

0.  12 

0.  18 

HI 

22 

1.  18 

12.99 

3.  20 

8.04 

3.01 

0.29 

0.40 

0.08 

0.  28 

82 

3 

1.  19 

17.87 

4.47 

11.12 

2.94 

0.31 

0.  40 

0.  10 

0.  39 

83 

26 

1.  19 

11.03 

4.42 

3.46 

2.33 

0.26 

0.38 

0.  07 

0.24 

04 

IS 

1.21 

7.  30 

4.38 

4.99 

3.38 

0.28 

• 0.36 

0.08 

0.31 

■B 

86 

1.24 

13.32 

3.64 

10.  07 

4.  73 

0.  42 

0.  17 

K 

30 

1.24 

11.  10 

3.  27 

6.  84 

2.32 

8.24 

0.33 

0.06 

6.21 

87 

77 

1.29 

14.  74 

4.34 

9.36 

3.  11 

0.33 

0.49 

0.  11 

0.  12 

Ml 

3* 

1.29 

9.  24 

4.62 

4.  09 

2.69 

0.22 

0.38 

0.03 

0.22 

19 

28 

1.29 

M.  13 

3.  13 

3.61 

2.92 

0.23 

0.  40 

0.03 

0.31 

23 

1.39 

11.  19 

4.48 

7.  10 

3.33 

0.32 

0.38 

0.  10 

0.23 

91 

79 

1.31 

13.33 

3.  88 

7.  76 

3.63 

0.  32 

0.41 

0.  10 

0.  12 

92 

28 

1.33 

8.  12 

3.73 

4.  19 

2.  16 

0.  22 

0.33 

0.03 

0.  22 

93 

« 

1.  34 

14.  13 

7.07 

8.43 

4.  78 

0.  33 

0.  43 

0.  11 

0.  43 

98 

21 

1.38 

14.  04 

3.  61 

0.49 

3.36 

0.34 

0.41 

0.  12 

0.30 

90 

92 

1.42 

19.67 

6.86 

11.  16 

3.31 

0.44 

0.20 

96 

24 

1.4B 

7.31 

3.  83 

3.22 

4.28 

0.34 

0.38 

0.  12 

0.20 

HEAD I NOB 

L - AVERAQC  LENGTH  W - AVERAGE  WIDTH  T - AVERAGE  THICKNESS 

L’  - MAXIMUM  LENGTH  PLUS  AVERAGE  LENOTH 

W - MAXIMUM  WIDTH  PLUS  AVERAGE  WIDTH 

T>  « MAXIMUM  THICKNESS  PLUS  AVERAGE  THICKNESS 

BD  - STANDARD  DEVIATION  OP  PRESENTED  AREAS  (SO.  IN.) 

VAR  - VARIANCE  OP  PRESENTED  AREAS  (IN.  4TH> 

AAVO*2  - AVERAGE  PRESENTED  AREA  SQUARED  (IN.  4TH) 

I COB  - AREAS  CALCULATED  PROM  ICOSAHEDRON  GAOC  DATA 

CALC  - AREAS  CALCULATED  PROP.  APPROXIMATING  RECTANGULAR  PARALLELAEP I PED9 
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TABLE  AS 


a 

i 

"A? 

FRAG 

NEW 

NO. 

QUO 

CO 

LWP/LTP 

PERIMETER  RATIOS 
LWP/TUP  LTP/TUP  LWP/LMAX 

TWR/WMAX 

1 

2 

0.  42 

1.  08 

t.  00 

1.  00 

3.  14 

3.  14 

•v\« 

2 

93 

0.  30 

1.  03 

1.  IQ 

1.  08 

3.  04 

2.  91 

3 

3 

0.64 

1.  00 

1.00 

1.00 

4.  63 

4.  03 

4 

78 

0.71 

1.  01 

2.03 

2.  80 

2.  42 

3.  03 

S 

44 

0.  72 

1.  08 

1.  47 

1. 36 

2.83 

2.  74 

fi 

62 

0.  73 

1.  29 

1. 98 

1.38 

3.04 

3.  12 

J 

7 

S3 

0.  76 

1.  12 

2.  14 

1.91 

2.  81 

2.  84 

>'s 

a 

41 

8.  76 

1.  03 

1.07 

1.02 

2.  37 

2.  47 

-> 

3 

11 

0.  76 

1.  22 

1.87 

1.  34 

2.  70 

2.  1 1 

>'•: 

ie 

37 

0.  78 

1.07 

1.70 

1.39 

2.  33 

2.  22 

u 

39 

0.  79 

1.  18 

2.  42 

2.21 

2.  29 

2.  66 

12 

98 

0.  79 

1.  07 

1.74 

1.63 

2.  28 

1.  71 

. < 

v.  8 

13 

49 

0.80 

1.  18 

1.50 

1.  36 

2.  32 

2.  37 

1 # V 

,"V 

1* 

89 

8.80 

1.81 

1.48 

1.47 

2.22 

2.60 

.V 

«.  _< 

IS 

82 

8.81 

1.  37 

1.42 

1.03 

2.90 

2.  31 

• .N 

»“.V 

1C 

48 

0.82 

1.88 

1.90 

1.90 

2.21 

2.  32 

»*.>* 
. «*  * ■ 

17 

13 

0.83 

1.  16 

1.  19 

1.03 

2.  78 

2.  43 

b .V 

•> 

V 

IB 

46 

0.83 

1.  23 

1.69 

1.36 

2.  82 

1.  97 

i 

19 

18 

0.83 

1.  11 

1.  69 

1.  32 

2.23 

2.  S3 

.y> 

X-.* 

28 

73 

0.84 

1.  36 

1. 68 

1.23 

3.  11 

2.  13 

21 

76 

0.84 

1.  17 

1.  69 

1.44 

2.39 

2.  42 

.>• 

lT*  • • 

22 

63 

0.86 

1.  09 

2.37 

2.  33 

2.41 

1.  as 

«»  »,  • 

23 

33 

0.86 

1.  18 

1.33 

1.  15 

2.  40 

1.  93 

.>; 

24 

74 

0.86 

1.  16 

1.  34 

1.33 

2.  33 

2.  53 

4 

23 

39 

0.86 

1.  62 

1.78 

1.04 

3.  21 

2.  38 

2C 

63 

0.86 

1.  18 

2.29 

1.93 

2.58 

2.  13 

27 

47 

0.87 

1.  24 

1.68 

1.33 

2.  68 

2.  82 

ex 

20 

69 

0.  87 

1.  14 

2.23 

1.97 

2.  37 

2.  10 

. - 

s' 

29 

39 

0.88 

1.  11 

2.  89 

2.59 

2.  40 

2.  23 

e#i 

# 

38 

64 

0.88 

1.67 

1.96 

1.  17 

3.26 

2.  04 

cj 

31 

12 

0.88 

1.  38 

1.37 

1.  14 

2.93 

2.  22 

■>:> 

32 

27 

0.89 

1.  11 

2.34 

2.  11 

2.47 

1. 96 

xe 

\r  % 

33 

83 

8.89 

1.34 

1.63 

1.03 

3.23 

2.  20 

*,.  V 
o •-  . 

34 

7fl 

0.90 

1.21 

2.38 

2.  13 

2.61 

2.  48 

.■  t 

33 

32 

8.98 

1.83 

2.09 

2.03 

2.  17 

2.  32 

k/V 

3K 

68 

8.98 

1.  06 

1.33 

1.43 

2.36 

2.  56 

„ _J 

37 

4 

8.91 

1.89 

1.  36 

1.23 

2.56 

2.  92 

38 

67 

8.92 

1.  29 

2.34 

1.B1 

2.  62 

2.  25 

39 

68 

8.92 

1.04 

1.06 

1.02 

2.  27 

3.  44 

£-J* 

48 

83 

8.93 

1.  16 

2.78 

2.  40 

2.  42 

2.  21 

41 

72 

8.93 

1.  31 

2.03 

1.37 

2.  57 

2.  12 

-i 

42 

9 

8.  93 

1.  14 

2.04 

1.79 

2.  47 

2.59 

43 

1 

8.94 

1.  82 

2.88 

2.82 

2.  32 

3.  92 

E-ss. 

44 

47 

8.94 

1.  14 

2.00 

1.73 

2.34 

2.  38 

s® 

43 

88 

8.99 

1.  16 

2.  44 

2.  10 

2.  37 

2.  05 

v*v 

4C 

43 

8.93 

1.  16 

3.  74 

3.22 

2.68 

2.  31 

&a 

47 

16 

8.93 

1.  09 

2.  46 

2.  33 

2.  12 

2.  73 

!$ 

I 

48 

88 

8.96 

1.  03 

3.  03 

2.7/ 

2.33 

2.  33 

49 

31 

8.96 

1.  18 

1.  31 

1.  18 

2.  SC 

2.  34 

ii  o ■ 

98 

29 

8.96 

1.04 

1. 93 

1.88 

2.  31 

2.  20 

R>> 

'.y;  •• 

$8 

K> 

4 

rc?7 

“/■C* 

- 

157« 

I INCME*  ri|ur« 


VS&’fVSi 


